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(54) RADIO EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve satisfactory open loop power control 
characteristics by using the amplifying elements of the same characteristics for 
amplifying elements at the automatic gain control (AGO amplifiers for reception and 
transmission systems. 

SOLUTION: The gains of reception and transmission systems are distributed so that 
the central gains of AGO amplifiers 5 and 13 can be coincident. Besidesthe AGC 
amplifier 5 for the AGC of the reception system and a transmission power control 
amplifier 13 for the power control of the transmission system are completely equally 
constituted in details while selecting the same central gain. Thereforein the aspect of 
open loop power controlthe gain fluctuation caused by the environmental fluctuation 
of amplifiers 5 and 13 is operated to mutually cancel on the stage of the transmission 
power control amplifier 13 to affect the transmission power and errors in the open 
loop power control characteristics can be reduced. 



CLAIMS 



[Claim(s)] 

[Claim 1]Have an automatic-gain-control amplifier to which an automatic-gain- 



control signal is given to a receiving systemand a profit is changedand. In radio 
equipment provided with a transmission power control amplifier to which a power 
control signal according to an open loop power-controls method is given to a 
transmission systemand a profit is changedRadio equipment using an amplifier of the 
same characteristic for an amplifier in the above-mentioned automatic-gain-control 
amplifierand an amplifier in the above-mentioned transmission power control amplifier. 
[Claim 2]The radio equipment according to claim 1 wherein an amplifier in the above- 
mentioned automatic-gain-control amplifier and an amplifier in the above-mentioned 
transmission power control amplifier are those to which the same bias voltage is 
impressed. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention can be applied to mobile telephone devices (it is 
hereafter called a mobile station)such as a CDMA (Code DivisionMultiple Access) 
cellular phoneconcerning the radio equipment which can be transmitted and received. 
[0002] 

[Description of the Prior Art]The mobile station in a CDMA cellular phone system is 
provided with transmission-power-control composition. 

[0003]In a CDMA systemthe interferent component by the sending signal to other 
mobile stations to the desired signal by the back-diffusion-of-gas processing in a 
certain mobile station to which it restoredlt is dependent on the correlation 
characteristic of the spread code assigned to the mobile station concernedand the 
signal to noise ratio of a demodulation signal falls with increase of the interferent 
component by the sending signal to other mobile stations. On the other handthe radio 
field intensity which arrives at a base station is changed every moment under the 
distance between a mobile station and a base stationand the influence of phasing. 
Thereforein order to make system capacity into the maximum in spite of existence of 
an interferent componentit is required to control the transmission power of a mobile 
station so that the electric wave of each mobile station which arrives at a base 
station may always be set to regularity and an identical level. 

[0004]The transmission power is controlled by the open loop power-controls method 
which gets down and starts a circuit (circuit from a base station to a mobile 
station)and it is controlled by the mobile station according to a CDMA system by the 
closed-loop power-controls method. 

[0005]An open loop power-controls method is a method which gets down with an 
upstream (circuit from a mobile station to a base station)assumes that an electric 
wave declines similarly in a circuita mobile station gets down by a power level on 



receptionestimates the propagation loss of a circuitpredicts electric power required 
for an upstreamand adjusts transmission power. 

[0006]Herethe open loop power-controls characteristic specified in the North 
American CDMA cellular phone system is shown in drawing 2 . 
A dynamic range of not less than 80 dB is [ transmission power (sending-signal 
intensity) by this control ] needed. 

[0007]Howeversince it gets down and the frequency bands of a circuit and an 
upstream differpropagation losses differ actually. The method with which this is 
compensated is a closed-loop power-controls method. 

[0008]A base station measures received signal strengthand a closed-loop power- 
controls method sends a power-controls bit with the time interval for 1.25 ms 
together with the usual information data which it gets down and is transmitted by a 
circuitand is a method with which a mobile station controls transmission power finely 
at intervals of 1 dB on the transmission power presumed by open loop power controls. 
[0009] 

[Problem(s) to be Solved by the Invention]As mentioned aboveopen loop power 
controls bear big control of transmission powerand closed-loop power controls are 
bearing small control of transmission power. Thereforesince closed-loop power 
controls will become meaningless if the open loop power-controls characteristic is 
badthe open loop power-controls characteristic needs to be good especially. 
[0010]By the wayin the open loop power-controls characteristic specified in the 
North American CDMA cellular phone system. Sending-signal intensity is allowed only 
a **9.5-dBm error including environmental variationssuch as environmental 
temperature changeto the received-signal-strength (receiving level) opposite 
sending-signal intensity (transmission power) characteristic shown in drawing 2 . 
[001 1]Howeveralthough the mobile station comprises many functional blockssuch as 
performing amplification processingit has the profit variability according to each block 
individual to environmental temperature changeand there is a possibility that the 
demand to the above-mentioned permissible error cannot be satisfied between a 
transmission system and a receiving system when the profit change difference is large. 
That isin order to control the sending-signal intensity of a transmission system by 
open loop power controls based on the received signal strength obtained by the 
receiving systemwhen the profit change difference is largethere is a possibility that 
the demand to the above-mentioned permissible error cannot be satisfiedbetween a 
transmission system and a receiving system. 

[0012]In other radio equipment which has adopted not only the mobile station of a 
CDMA cellular phone system but the open loop power-controls methodsuch a 
technical problem is produced similarly. 

[0013]Thereforeradio equipment with the good open loop power-controls 
characteristic is desired also to the environmental variation. 



[0014] 

[Means for Solving the Problem]In [ in order to solve this technical problem ] this 
inventionHave an automatic-gain-control amplifier to which an automatic-gain- 
control signal is given to a receiving systemand a profit is changedand. An amplifier of 
the same characteristic was used for an amplifier in an automatic-gain-control 
amplifierand an amplifier in a transmission power control amplifier in radio equipment 
provided with a transmission power control amplifier to which a power control signal 
according to an open loop power-controls method is given to a transmission 
systemand a profit is changed. 

[0015]This can work in the direction which profit change by an environmental 
variation of an automatic-gain-control amplifier and a transmission power control 
amplifier cancels mutually in a stage of a transmission power control amplifierand the 
good open loop power-controls characteristic can be attained now. 
[0016] 

[Embodiment of the Invention]Hereafterone embodiment which applied the radio 
equipment of this invention to the mobile station of the CDMA cellular phone system 
is explained in full detailreferring to drawings. 

[001 7]Here drawing 1 is a block diagram showing the composition of the mobile station 
of this embodiment. Drawing 3 is a block diagram showing the internal configuration of 
the logic treating part 8. 

[0018]Firsta receiving system is explained. The input signal which the transmission- 
and-reception common antenna 1 caught is given to LNA(Low Noise Amplifier)2 via 
the duplexer 9. In the receiving mixer 4 after LNA2 amplified the input signal on the 
fixed profit and the unnecessary component was removed for this amplified input 
signal via the band pass filter (BPF) 3It is mixed with the local oscillation signal from 
the local oscillator which is not illustrateda down convert is carried out to the digital 
modulation signal (IF signal) of an intermediate frequency bandand this signal is given 
to the automatic-gain-control amplifier (AGO 5. 

[0019]The gain control signal RX AGC is given to this automatic-gain-control 
amplifier 5 from the logic treating part 8 shown in drawing 3 The input signal changed 
into the intermediate frequency band on the profit which this gain control signal RX 
AGC directs is amplifiedThenafter an unnecessary component is removed via the 
band pass filter (BPF) 6furtherit is amplified by the amplifier (AMP) 7 of a fixed 
profitand is given to the logic treating part 8 as the input signal RX IF of an 
intermediate frequency band. 

[0020]The logic treating part 8 becomes by the treating part 20 of an analog signal 
stageand the treating part 21 of a digital signal stageas shown in drawing 3 . 
[0021 ]The input signal RX IF of an intermediate frequency band is given to the 
orthogonal demodulators 22. The orthogonal demodulators 22 perform orthogonal 
demodulation to the inputted input signal (digital modulation signal) using the local 
oscillation signal of the intermediate frequency from the intermediate frequency 



oscillator which is not illustratedand obtain I phase data signal and Q phase data 
signal RX I/Q as a baseband signal. After such baseband signal RX I/Q is changed 
into a digital signal by the analog-to-digital converter (A/D)and is given to the 
received data processing circuit which is not illustrated and spectrum back-diffusion- 
of-gas processing is performeda transmission code sequence is become final and 
conclusive. 

[0022]Baseband signal RX I/Q is given to the received-signal-strength detector 
24and based on baseband signal RX I/Qthe received-signal-strength detector 24 
generates receiving-field-intensity dataand outputs it to the adding machine 25. By 
this adding machine 25the difference data of the receiving-field-intensity data and 
fine adjustment electric power referred data PREF proportional to receiving field 
intensity is obtainedAfter this difference data integrates the integrator 24it is changed 
into an analog signal with the digital/analog converter (D/A) 27and the automatic- 
gain-control amplifier 5 mentioned above is given as the gain control signal RX AGC. 
[0023]Nexta transmission system is explained. Transmitting baseband signal TX I/Q 
which becomes with I phase data signal and Q phase data signal with which spread- 
spectrum processing outputted from the send data processing circuit which is not 
illustrated in drawing 3 was performedlt is changed into an analog signal by the 
digital/analog converter (D/A) 32and the quadrature modulation machine 33 is given 
by it. The quadrature modulation machine 33 carries out quadrature modulation of 
inputted baseband signal TX I/Q using the local oscillation signal of the intermediate 
frequency from the intermediate frequency oscillator which is not illustratedand 
generates the sending signal (digital modulation signal) TX IF of an intermediate 
frequency band. 

[0024]After this sending signal TX IF is amplified on a fixed profit in the intermediary 
frequency amplifier (AMP) 15 shown in drawing I an unnecessary component is 
removed via the band pass filter (BPF) 14and it is given to the transmission power 
control amplifier (AMP) 13 for transmission power control. 

[0025]The gain control signal TX AGC is given to this transmission power control 
amplifier 13 from the logic treating part 8and the transmission power control amplifier 
13 amplifies the sending signal inputted on the profit which becomes settled by the 
gain control signal TX AGCand gives it to the transmission mixer 12. 
[0026]The gain control signal TX AGC over the transmission power control amplifier 
13 is formed as follows. In drawing 3 after the data equivalent to the received power 
intensity outputted from the integrator 26 is smoothed via the low pass filter (LPF) 
28it is given to the adding machine 29. This data is data for open loop power controls. 
After the data for control from the closed-loop-control value determination machine 
30 is also given to this adding machine 29 and both data is addedit is changed into an 
analog signal by the digital/analog converter (D/A) 31 and the transmission power 
control amplifier 13 is given as the gain control signal TX AGC by it. 
[0027]Herewhen received power intensity is lowthe gain control signal TX AGC 



becomes highthe profit of the transmission power control amplifier 13 also becomes 
highand transmission power becomes high. On the contrarytransmission power 
becomes low when received power intensity is high. 

[0028]In drawing 1 the local oscillation signal of the transmission line frequency from 
the transmission-line-frequency oscillator which is not illustrated is also given to the 
transmission mixer 12 to which the sending signal outputted from the transmission 
power control amplifier 13 is givenand the transmission mixer 12 carries out 
upconverting of the sending signal of an intermediate frequency band to a 
transmission-line-frequency belt. After power amplification of the sending signal (RF 
signal) by which upconverting was carried out to the transmission-line-frequency belt 
is given and carried out to the power amplifier (PA) 10 after the unnecessary 
component was removed via the band pass filter (BPF) 1 lit is given to the 
transmission-and-reception common antenna 1 via the duplexer 9and is emitted to 
space. 

[0029]Herein the case of this embodimentthe profit of a receiving system and a 
transmission system is distributed so that the main profit of the automatic-gain- 
control amplifier 5 and the main profit of the transmission power control amplifier 13 
may be in agreement. 

[0030]In the case of this embodimentthe main profit is considering detailed 
composition of the automatic-gain-control amplifier 5 for the AGC control of the 
receiving system similarly selectedand detailed composition of the transmission power 
control amplifier 13 for the power controls of a transmission system as the 
completely same composition so that the open loop power-controls characteristic 
may become good. That isthe amplifier of the same characteristic (therefore also 
receiving environmental variationssuch as environmental temperature changethe same 
characteristic) is usedand bias voltage to the amplifier is also made the same. 
[0031]Thusalthough the automatic-gain-control amplifier 5 and the transmission 
power control amplifier 13 should just have the same composition and do not ask the 
detailed compositionif an example is giventhey can mention what is shown in drawing 
4. 

[0032]The amplifier 5 shown in drawing 4 or 13 the amplification stage centering on 
the field effect transistors Q1-Q3 which have the gate terminal G2 for control in 
addition to the gate terminal G1 for an inputThree steps connectand it is constituted 
and to each of the gate terminal G2 for control of each transistor Q1Q2and Q3. A 
profit is made to change by impressing the gain control signals TX AGC and RX AGC 
outputted from the logic treating part 8 via the gate resistance R1 R2and R3. 
[0033]As mentioned abovethe automatic-gain-control amplifier 5 of the receiving 
system which affects the detected information of received signal strengthlf the 
transmission power control amplifier 13 of the transmission system which affects 
transmission power is made the same composition that has the same main 
profitThese amplifiers 5 and 13 have the same profit variation characteristic to 



environmental variationssuch as environmental temperature changeThereforein the 
stage of the transmission power control amplifier 13 where the profit change by the 
environmental variation of these amplifiers 5 and 13 affects transmission power when 
it sees from the field of open loop power controlsThe error over the open loop power- 
controls characteristic which is committed in the direction canceled mutually and is 
shown in drawing 2 mentioned above can be lessened now. That isthe open loop 
power-controls characteristic can be made good. 

[0034]According to the above-mentioned embodimentby the gain distribution of two 
or more amplifiers of a receiving system and a transmission system. Shall have the 
same main profit and the automatic-gain-control amplifier 5 of the receiving system 
which affects the detected information of received signal strengthand the 
transmission power control amplifier 13 of the transmission system which affects 
transmission power. Since it had the same compositionthe good open loop power- 
controls characteristic can be obtained also to environmental variationssuch as 
environmental temperature change. 

[0035]The insertion position of the automatic-gain-control amplifier of a receiving 
system and the transmission power control amplifier of a transmission system is not 
limited to the position of the above-mentioned embodiment. For examplean 
automatic-gain-control amplifier is formed in the position of the amplifier 7 of drawing 
land it may be made to provide in the position of the amplifier 15 of drawing 1 at a 
transmission power control amplifier. 

[0036]This invention is applicable also to the radio equipment which divided the 
automatic-gain-control amplifier of a receiving systemand the transmission power 
control amplifier of the transmission system into pluralityrespectivelyand formed them. 
For exampleperform the down convert of an input signal to multistageandin the case 
of the radio equipment which performs upconverting of a sending signal to 
multistagean automatic-gain-control amplifier and the transmission power control 
amplifier of a transmission system may be divided into pluralityrespectivelybut. This 
invention is applicable also to such radio equipment. 

[0037]The applied object of this invention is not limited to the mobile station of a 
CDMA cellular phone systembut has an AGC loop in a receiving systemand it is widely 
applicable to the radio equipment which has adopted the open loop power-controls 
method (the adoption existence of a closed-loop power-controls method does not 
ask) about transmission power. 

[0038]In the above-mentioned embodimentalthough the bias voltage as which the 
automatic-gain-control amplifier of a receiving system and the transmission power 
control amplifier of a transmission system determine the operating point also showed 
the same thingbias voltage may differ somewhat from the relation with the processor 
before and behind that further again. 

[0039]This invention has the feature to have used the amplifier of the same 
characteristic as the amplifier in the automatic-gain-control amplifier of a receiving 



systemand the amplifier in the transmission power control amplifier of a transmission 
systemSince there is no direct feature in the formation composition of the gain 
control signal given to an automatic-gain-control amplifier and a transmission power 
control amplifierthe formation composition of a gain control signal is not limited to the 
thing of the above-mentioned embodiment. 
[0040] 

[Effect of the Invention]As mentioned abovesince the amplifier of the same 
characteristic was used for the amplifier in the automatic-gain-control amplifier of a 
receiving systemand the amplifier in the transmission power control amplifier of a 
transmission system according to the radio equipment of this inventionlt can work in 
the direction which the profit change by the environmental variation of an automatic- 
gain-control amplifier and a transmission power control amplifier cancels mutually in 
the stage of a transmission power control amplifierand the good open loop power- 
controls characteristic can be attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the composition of an embodiment. 
[Drawing 2] It is an explanatory view showing the open loop power-controls 
characteristic specified with the CDMA cellular phone system. 

[Drawing 3] It is a block diagram showing the detailed composition of the logic treating 
part of drawing 1 . 

[Drawing 4] It is a circuit diagram showing the detailed composition of the automatic- 
gain-control amplifier of the receiving system of drawing 1 or a transmission power 
control amplifier. 
[Description of Notations] 

5 — An automatic-gain-control amplifier13 — A transmission power control 
amplifierQ1-Q3 — Transistor of the component of an automatic-gain-control 
amplifier or a transmission power control amplifier. 
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